RADIAL COPOLYMER PREPARED FROM MIXED COUPLING AGENT 

a 

BACKGROUND OF THE INVENTION 

1 .The Field of the Invention 

This invention relates to a radial copolymer prepared from a conjugated diene 
monomer and a vinyl aromatic monomer. More specifically, the present invention relates 
to a radial copolymer useful for the manufacture of tires that has its molecular chain 
terminal coupled using a mixed coupling agent comprised of a mixture of multi-reactive 
polysiloxane and tin halide. 

2. Related Prior Art 

Conjugated diene polymers prepared using an organo lithium catalyst are 
controllable in regard to the vinyl content of the conjugated diene that cannot be 
controlled by the emulsion polymerization method, so that they are excellent in both wet 
traction and rolling resistance relative to the styrene-butadiene rubber (SBR) prepared by 
emulsion polymerization. If synthesized in the presence of an organo lithium catalyst, the 
polymer has multiple functional groups at the molecular chain terminal that make the cold 
How controllable at the ambient temperature and particularly enhance the compatibility 
with a reinforcing material for tires, such as carbon black or silica, thereby enhancing 
treadwear, reducing rolling resistance and increasing wet traction. 

When the molecular chain terminal of the copolymer prepared by solution 
polymerization in the presence of an organo lithium catalyst is substituted using a tin 
coupling agent, the above-mentioned effects can be achieved in the carbon black mixed 
rubbers because the tin compound has a high compatibility with the carbon black. But, the 
use of the tin compound as a coupling agent may lead to a low binding capacity (Sn-C 
bonding) between the tin compound and the rubber, so that the Sn-C bonding can be 
broken under the physical force during the mixing step, thereby deteriorating mechanical 
properties of the rubber. For that reason, the use of tin-coupled rubber is restrained in the 
manufacture of silica-mixed rubber tires of which the processing conditions are much 
stricter than those of the carbon black mixed rubbers (U. S. Patent No. 4,397,994). 



On the other hand, an approach to enhance the compatibility of the rubber with 
carbon black involves conversion of the molecular chain terminal to benzophenone, which 
is a sort of amine compounds, attaining more excellent dynamic characteristics and 
mechanical properties than the existing rubber materials. The rubbers prepared by this 
5 method are, however, inferior in processability during the mixing step and . long-term 
storage due to its high cold flow that is as a key factor of storage stability (U. S. Patent 
Nos. 4,555,548 and 5,219,945). 

For examples of the approach for increasing the compatibility with silica used as 
an inorganic reinforcing material disclose a method of dispersing polydimethylsiloxane in 

10 a styrene-based resin composition to enhance tread wear and cold impact resistance 
remarkably. But the polymer complex prepared by dispersion of polydimethylsiloxane is 
susceptible to phase separation because it has no covalent bond between the 
polydimethylsiloxane and the organic polymer resin. Moreover, they are inferior in 
affinity to inorganic fillers, causing a deterioration of the compatibility, because the 

15 polydimethyl siloxane contains neither polar groups nor hydrophilic groups. 

Accordingly, the modification of polymers that are organic materials ready for 
reactions is necessary in the improvement of mutual compatibility for the purpose of 
developing the above-described organic and inorganic composite material. So, many 
studies have been made on the modification of polymers using physical methods. For 

20 example, it discloses a polymerization of hexamethylcyclotrisiloxane at the terminal of the 
living polymer block. This approach may solve the problem with the organic separation of 
polysiloxane from the organic layer, but results in a low affinity to organic fillers and 
hence a deterioration of the compatibility as in the above-stated technologies, because the 
polydimethylsiloxane has no functional group including a polar group or a hydrophilic 

25 group. 

To solve this problem, there are some cases where the living anionic polymer 
terminal is reacted with ethylene oxide (J. Polym. Sci., Part A: Polym. Chem., 26, 2031 
(1988)); diphenylethylene (J. Polm. Sci., Part A: Polym. Chem., 30, 2349 (1992)); or N- 
(benzylidene)-trimethylsilylamine (Makromol. Chem., 184, 1355 (1983)), which 
30 compounds contain no siloxane group and are limited in acquiring a satisfactory 
compatibility with inorganic fillers. 



Accordingly, there is a demand for polymers containing polar groups and using a 
novel coupling agent susceptible to reaction with a living polymer anion. 

Another approach has been suggested that acquires enhanced properties in carbon 
black mixing by using the mixture of tin halide and silicon halide as a coupling agent for 
the terminal of the polymer (U. S. Patent No. 6,329,467 Bl). The coupling agent contains 
no functional group having the affinity to silica, deteriorating the compatibility of the 
polymer with silica. So the use of the coupling agent is restrained in the manufacture of 
silica-mixed rubber tires. 

SUMMARY OF THE INVENTION 

In an attempt to develop rubbers having an improved compatibility with silica, an 
affinity to carbon black, and an excellent processibility in the manufacture of tires, the 
present invention has been contrived on the basis of the fact that the rubber for tires with 
enhanced mechanical properties and dynamic properties (e.g., wet traction and rolling 
resistance) relative to the conventional rubbers can be provided by modifying the terminal 
of the rubber using a mixture of a polysiloxane compound having a high affinity to an 
inorganic material, silica and a tin halide compound having a good processibility with 
carbon black. 

It is therefore an object of the present invention to provide a radial copolymer for 
enhancing the mechanical properties and the dynamic properties of a silica-carbon black 
mixed rubber for tires relative to the conventional rubber materials. 

To achieve the object of the present invention, there is provided a radial 
copolymer prepared by coupling the terminal of a living polymer using a mixed coupling 
agent comprising a mixture of a multi-reactive polysiloxane represented by the following 
formula 1 and a tin halide represented by the following formula 2, the living polymer 
being prepared by copolymerizing a conjugated diene monomer and a vinyl aromatic 
monomer in the presence of an organo lithium catalyst in a hydrocarbon solvent and a 
Lewis base: 

Formula 1 

(X) a (R) b Y-(CH 2 ) c -Si(R,)(R 2 )-[0-Si(R,)(R2)]d-(CH 2 ) c -Y(X)a(R) b 
where X is a halogen atom such as F, CI, Br or I; Y is Si or C; R is a lower alkyl 



group containing less than 20 carbon atoms, such as methyl, ethyl or propyl, or 
(X) e (R3)fBz; R\ and R 2 are the same as R, hydrogen, halogen-substituted alkyl group, or 
halogen-substituted silane group; R 3 is a lower alkyl group containing less than 20 carbon 
atoms, hydrogen, halogen-substituted alkyl group, or halogen-substituted silane group; a is 
5 1 to 3, and b is 0 to 2, wherein a+b = 3; c is 1 to 10; d is 1 to 100; e and f are 
independently 0 to 5, where e+f=5; and Bz is a benzene ring; 

Formula 2 
Sn(R) 4 .n(X) n 

10 where R is a lower alkyl group containing less than 20 carbon atoms, such as 

methyl, ethyl or propyl; X is a halogen atom such as F, CI, Br or I; and n is an integer from 
1 to 3. 



The present invention will now be described in further detail as follows. 

15 The copolymer of the present invention is prepared from a conjugated diene 

monomer and a vinyl aromatic monomer. The specific examples of the conjugated diene 
monomer as used herein may include butadiene or isoprene compounds, and those of the 
vinyl aromatic monomer as used herein may include styrene or ^methyl styrene. 

Typically, the copolymer comprises 5 to 50 wt.% of the vinyl aromatic compound, 

20 and 50 to 95 wt.% of the conjugated diene compound. If the content of the styrene 
compound is less than 5 wt.%, then neither tread wear nor wet traction can be enhanced; 
otherwise, if the content of the styrene compound exceeds 5 wt.%, then neither tread wear 
nor exothermic characteristic can be enhanced. 

The copolymer of the present invention is prepared by copolymerizing the 

25 monomers in the presence of an organo lithium catalyst in a hydrocarbon solvent to yield a 
living polymer, and then coupling the living polymer to a molecular chain terminal using a 
coupling agent. The specific examples of the organo lithium catalyst used for forming the 
living polymer may include hydrocarbons having at least one lithium atom, for example, 
ethyl lithium, propyl lithium, n-butyl lithium, sec-butyl lithium, tert-butyl lithium, phenyl 

30 lithium, propenyl lithium, hexyl lithium, 1,4-dilithio-n-butane, l,3-di(2-lithio-2- 
hexyl)benzene, etc. The preferred organo lithium catalysts are n-butyl lithium, and sec- 



butyl lithium. These organo lithium catalysts can be used alone or in combination of at 
least two. The content of the organo lithium catalyst, which may be dependent upon the 
desired molecular weight of the polymer product, is typically 0.1 to 5 mmol and 
preferably 0.3 to 3 mmol per 100 g of the monomers. 
5 The specific examples of the hydrocarbon solvent as used for polymerization may 

include n-hexane, n-heptane, iso-octane, cyclohexane, methylcyclopentane, benzene, and 
toluene. The preferred hydrocarbon solvents are n-hexane, n-heptane, and cyclohexane. 

In solution polymerization, the content of the monomers in the hydrocarbon 
solvent is 5 to 40 wt.%, and preferably about 10 to 25 wt.%. 

10 The addition of the organo lithium compound and the Lewis base, tetrahydrofuran 

initiates the polymerization reaction. The tetrahydrofuran as a Lewis base is preferably 
used in an amount of about 50 to 45,000 ppm in the hydrocarbon solvent. The initiation 
temperature of the polymerization reaction is typically about 0 to 60 °C, and preferably 
about 10 to 50 °C. The reaction pressure is preferably 0 to 5 kgf/cm 2 . 

15 The polymerization reaction proceeds for a sufficient period of time until the 

monomers are all converted to the copolymer. In other words, the polymerization reaction 
is performed until a high conversion rate is achieved. Typically, the reaction time is 30 to 
200 minutes. 

The specific examples of the Lewis base used for controlling the fine structure of 
20 the polymer may include tetrahydrofuran(THF), N,N,N,N-tetramethylethylenediamine 
(TMEDA), di-n-propyl ether, di-isopropyl ether, di-n-butyl ether, ethyl butyl ether, 
triethylene glycol, 1,2-dimethoxybenzene, trimethylamine, or triethylamine. The preferred 
Lewis bases are tetrahydrofuran, and N,N,N,N-tetramethylethylenediamine. 

The copolymer of the present invention is prepared by transforming the active 
25 terminal of the polymer using the mixture of a multi-reactive polysiloxane compound and 
a tin halide compound at the end of the reaction. 

The polysiloxane compound as used herein is a reactive polysiloxane compound 
having the structure represented by the formula 1. The specific examples of the 
polysiloxane compound may include a,co-bis(2-trichlorosilylethyl)polydimethylsiloxane, 
30 a,co-bis(2-dichloromethylsilylethyl)polydimethylsiloxane, and a,(D-bis(2- 

chlorodimethylsilylethyl)polydimethylsiloxane. 



The tin halide compound is a compound represented by the formula 2, and the 
specific examples may include tin tetrachloride, trichloromethyl tin, dichloromethyl tin, 
and trimethyl tin chloride. The preferred tin halide compounds are tin tetrachloride, and 
trimethyl tin chloride. 

5 In the mixed coupling agent, the mole ratio of the polysiloxane compound 

represented by the formula 1 to the tin halide compound is preferably 5:95 to 95:5. 

The content of the mixed coupling agent is an amount of 0.01 to 3 mmol with 
respect to the organo lithium catalyst. 

The Mooney viscosity (MLi +4 @100) of the polymer obtained is 10 to 160, and 
10 typically 30 to 150. The vinyl content of the conjugated diene compound in the fine 
structure is 10 to 90 wt.%, and typically 30 to 80 wt.%. 

The analysis of the polymer synthesized in the present invention was performed in 
regard to the fine structure of the conjugated diene compound, the compositions of the 
conjugated diene compound and the aromatic vinyl compound, and the random and block 
15 proportions of the conjugated diene compound and the aromatic vinyl compound by using 
the nuclear magnetic resonance (NMR); the molecular weight (Mw) and the molecular 
weight distribution (MWD) by using the gel permeation chromatography (GPC); and the 
Mooney viscosity of the rubber with a Mooney viscometer. 



20 DETAILED DESCRIPTION OF THE INVENTION 

Hereinafter, the present invention will be described in detail by way of the 
following examples, which describe the preparation method, the degree of coupling, the 
Mooney viscosity, and the vinyl bonding in the polymer of the SBR random copolymer 
according to the present invention. The examples are not intended to limit the scope of the 

25 present invention. If not specifically mentioned otherwise, the percentage (%) is reduced 
based on the weight, and the added amount of the randomizer is based on the total amount 
of the solvent, cyclohexane. 



Example 1 

30 In this example, the coupling agent is prepared by mixing the polysiloxane 

compound and the tin tetrachloride at different mixing ratios, and the coupling rate change, 

6 



the properties and the processability according to the different mixing ratios were analyzed. 

204g(33.3wt.%) of styrene, 396g (64.7wt.%) of 1,3-butadiene and 3,000g of 
cyclohexane were added to a lOL-reactor, and then 15g (5,000 ppm in cyclohexane) of 
tetrahydrofuran was added to the mixture in the reactor. The internal temperature of the 
5 reactor was controlled at 35 °C while operating a mixer. Once the temperature of the 
reactor reached a predetermined value, 2.7 mmol of n-butyl lithium was added to activate 
an adiabatic warming reaction. The moment that the reaction temperature was at 
maximum, another 12g (2.0 wt.%) of 1,3-butadiene was added so as to substitute the 
reactive terminal with butadiene. 

10 Following the second addition of butadiene, 0.3 mmol of polysiloxane halide 

(Number average molecular weight, Mn 1345) of which the structure is represented by the 
formula 3 and the number "d" of the repeating units, -0-Si(CH 3 ) 2 - is 13, and 0.068 mmol 
of tin tetrachloride were added to the reactor. The reaction mixture was kept for a 
predetermined period of time to active a coupling reaction. After the completion of the 

15 coupling reaction, 6g (1 phr) of an antioxidant, butylated hydroxy toluene (BHT) was 
added to the reactor to terminate the reaction. 

The polymerized product was added to a steamed warm water to remove the 
solvent, and then roll-dried to remove the residual solvent and water. 

Subsequently, the final product was analyzed in regard to the molecular fine 

20 structure using the NMR, the molecular weight, the coupling degree and the molecular 
weight distribution using the GPC, and the dynamic characteristic of rubber using the 
DMTA. The result is presented in Table 1. 

Formula 3 

25 (X) a (R)bSi-CH 2 CH2-Si(CH3)2-[0-Si(CH3)2]d-CH2CH 2 -Si(X) a (R) b 
where X, R, a, b and d are as defined above in the formula 1 . 

Example 2 

The procedure was performed in the same manner as described in Example 1, 
30 excepting that 0.257 mmol of polysiloxane halide (Mn 1345) of which the structure is 
represented by the formula 3 and the number "d" of the repeating units, -OSi(CH 3 )2- is 

7 



13, and 0.111 mmol of tin tetrachloride were added to the reactor. The reaction mixture 
was kept for a predetermined period of time to active a coupling reaction. After the 
completion of the coupling reaction, 6g (1 phr) of an antioxidant, BHT was added to the 
reactor to terminate the reaction. 
5 The subsequent procedure was performed in the same manner as described in 

Example 1. The result of the polymer analysis is presented in Table 1. 



Example 3 

The procedure was performed in the same manner as described in Example 1, 
10 excepting that 0.368 mmol of polysiloxane halide (Mn 1345) of which the structure is 
represented by the formula 3 and the number "d" of the repeating units, -0-Si(CH 3 ) 2 - is 
13 was added to the reactor. The reaction mixture was kept for a predetermined period of 
time to active a coupling reaction. After the completion of the coupling reaction, 1.09 
mmol of trimethyl tin chloride was added to the reactor to substitute the reactive terminal 
15 with the tin compound, and 6g (1 phr) of an antioxidant, BHT was added to terminate the 
reaction. 

The subsequent procedure was performed in the same manner as described in 
Example 1. The results of the polymer analysis are presented in Table 1. 



20 Example 4 

In this example, the coupling rate change, the properties and the processability 
according to the molecular weight of the polysiloxane compound used as a coupling agent 
were analyzed. 

0.257 mmol of polysiloxane halide (Mn 901) of which the structure is represented 
25 by the formula 3 and the number "d" of the repeating units, -0-Si(CH 3 ) 2 - is 7, and 0.11 1 
mmol of tin tetrachloride were added to the reactor. After the completion of the coupling 
reaction, 6g (1 phr) of an antioxidant, BHT was added to the reactor to terminate the 
reaction. 

The subsequent procedure was performed in the same manner as described in 
30 Example 1 . The results of the polymer analysis are presented in Table 1 . 



8 



Example 5 

In this example, the coupling rate change, the properties and the processability 
according to the molecular weight of the polysiloxane compound used as a coupling agent 
were analyzed. 

5 0.257 mmol of polysiloxane halide (Mn 1863) of which the structure is 

represented by the formula 3 and the number "d" of the repeating units, -0-Si(CH3)2- is 
20, and 0.111 mmol of tin tetrachloride were added to the reactor. After the completion of 
the coupling reaction, 6g (1 phr) of an antioxidant, BHT was added to the reactor to 
terminate the reaction. 

10 The subsequent procedure was performed in the same manner as described in 

Example 1. The result of the polymer analysis is presented in Table 1. 



Table 1 





Coupling 
rate (%) 


Mooney 
viscosity 

(MLi +4 @ 100 °C) 

before 

addition of oil 


Mooney 
viscosity 

(MLi +4 @100°C) 

after addition 
of oil* 


Styrene 
content 
(%) 


Vinyl 

content 

(%) 


Molecular 

weight 

distribution 


Example 1 


58 


128 


52 


33.3 


36.2 


2.10 


Example 2 


57 


126 


50 


33.3 


36.3 


1.90 


Example 3 


59 


129 


53 


33.3 


36.5 


1.85 


Example 4 


58 


127 


52 


33.3 


36.2 


1.95 


Example 5 


59 


129 


53 


33.3 


36.1 


2.01 


Note: * Mooney viscosity after adding 37.5 phr of aromatic oil. 



15 Comparative Example 1 

This comparative example is for preparing a styrene-butadiene copolymer using 
the technology of the present invention. 

204g(33.3wt.%) of styrene, 396g (64.7wt.%) of 1,3-butadiene and 3,000g of 
cyclohexane were added to a lOL-reactor, and then 15g (5,000 ppm in cyclohexane) of 

20 tetrahydroflxran was added to the mixture in the reactor. The internal temperature of the 
reactor was controlled at 35 °C while operating a mixer. Once the temperature of the 
reactor reached a predetermined value, 2.7 mmol of n-butyl lithium was added to activate 
an adiabatic warming reaction. The degree of polymerization reaction was determined by 
observation of the reaction temperature change, and a small amount of the reactant was 



collected at any time during the reaction to analyze the percentage of the monomers and 
the conversion rate. The moment that the reaction temperature was at maximum, another 
12g (2.0 wt.%) of 1,3-butadiene was added so as to substitute the reactive terminal with 
butadiene. 

5 Following the second addition of butadiene, 0.368 mmol of a coupling agent, a,co- 

bis(2-trichlorosilylethyl)polydimethylsiloxane(Mn 1345) of which the structure is 
represented by the following formula 3 and the number "d" of the repeating units, -O- 
Si(CH 3 ) 2 - is 13 was added to the reactor. The reaction mixture was kept for a 
predetermined period of time to active a coupling reaction. After the completion of the 
10 coupling reaction, 6 g (1 phr) of an antioxidant, BHT was added to the reactor to terminate 
the reaction. 

The subsequent procedure was performed in the same manner as described in 
Example 1. The result of the polymer analysis is presented in Table 2. 

15 

Comparative Example 2 

204g(33.3wt.%) of styrene, 396g (64.7wt.%) of 1,3-butadiene and 3,000g of 
cyclohexane were added to a lOL-reactor, and then 15g (5,000 ppm in cyclohexane) of 
tetrahydrofuran was added to the mixture in the reactor. The internal temperature of the 

20 reactor was controlled at 35 °C while operating a mixer. Once the temperature of the 
reactor reached a predetermined value, 2.7 mmol of n-butyl lithium was added to activate 
an adiabatic warming reaction. The degree of polymerization reaction was determined by 
observation of the reaction temperature change, and a small amount of the reactant was 
collected at any time during the reaction to analyze the monomer proportion and the 

25 conversion rate. The moment that the reaction temperature was at maximum, another 12g 
(2.0 wt.%) of 1,3-butadiene was added so as to substitute the reactive terminal with 
butadiene. 

Following the second addition of butadiene, 0.40 mmol of tin tetrachloride was 
added to the reactor. The reaction mixture was kept for a predetermined period of time to 
30 active a coupling reaction, and then the polymerized rubber was analyzed in the same 
manner as described in Example 1. The result is presented in Table 2. 

10 



Comparative Example 3 

204g(33.3wt.%) of styrene, 396g (64.7wt.%) of 1,3-butadiene and 3,000g of 
cyclohexane were added to a lOL-reactor, and then 15g (5,000 ppm in cyclohexane) of 
5 tetrahydrofurari was added to the mixture in the reactor. The internal temperature of the 
reactor was controlled at 35 °C while operating a mixer. Once the temperature of the 
reactor reached a predetermined value, 2.7 mmol of n-butyl lithium was added to activate 
an adiabatic warming reaction. The degree of polymerization reaction was determined by 
observation of the reaction temperature change, and a small amount of the reactant was 

10 collected at any time during the reaction to analyze the monomer proportion and the 
conversion rate. The moment that the reaction temperature was at maximum, another 12g 
(2.0 wt.%) of 1,3-butadiene was added so as to substitute the reactive terminal with 
butadiene. Following the second addition of butadiene, 0.40 mmol of silicon tetrachloride 
was added to the reactor. The reaction mixture was kept for a predetermined period of time 

15 to active a coupling reaction, and then the polymerized rubber was analyzed in the same 
manner as described in Example 1 . The result is presented in Table 2. 



Table 2 





Coupling 
rate (%) 


Mooney 
viscosity 

(MLi +4 @ 100°C) 

before ddition 
of oil 


Mooney 
viscosity 

(MLi +4 @ 100°C) 

after addition 
of oil 0 ) 


Styrene 
content 
(%) 


Vinyl 
content 

(%) 


Molecular 

weight 

distribution (2) 


Comparative 
Example 1 


58 


128 


52 


33.3 


36.5 


2.1 


Comparative 
Example 2 


57 


127 


51 


33.3 


35.6 


2.0 


Comparative 
Example 3 


58 


129 


53 


33.3 


36.2 


2.0 


Note: 

(1) Mooney viscosity after adding 37.5 phr of aromatic oil. 

(2) Molecular weight distribution: the distribution of the total molecular weight. 



20 Experimental Examples 1 to 8 

The polymer prepared in the above examples and comparative examples were 
used for silica mixing to compare the mixing processability, properties and dynamic 

11 



characteristics after the mixing. Mix proportions of ingredients are presented in Table 3, 
and the measurements of properties and dynamic characteristics are presented in Table 4. 



Table 3 



Ingredient 


Content (g) 


Polymer 


100 


Stearic acid 


2.0 


ZnO 


3.0 


Silica #175 


50 


Aromatic oil 


20 


Si-69 


4.0 


CZ 


2.0 


DPG 


2.0 


Sulfur 


1.6 


Total 


184.6 


Note) 

* Si-69: Bis-(triethoxysilylpropyl)tetrasulfane 

* DPG: 1,3-diphenyl guanidine 

* CZ: N-cyclohexyl benzothiazyl sulfenamide 



Table 4 





Al 


A2 


A3 


A4 


A5 


A6 


A7 


A8 


Copolymer 


Bl 


B2 


B3 


CI 


C2 


C3 


C4 


C5 


Coupling agent 


PS'> 


SnCl 4 


SiCL, 


PS'V 
SnCl 4 


PS'V 
SnCl 4 


PS'V 
SnCl(Me) 3 


PS 2 V 
SnCl 4 


PS 3 V 
SnCl 4 


Mole ratio(%) of 
Coupling agent 


100 


100 


100 


81.5/ 
18.5 


69.8/ j 
30.2 


25.2/ 
74.8 


69.8/ 
30.2 


69.8/ 
30.2 


Mooney viscosity 
(MLi+4(S),100) 


100 


80 


99 


88 


85 


99 


86 


85 


Hardness 
(Shore-A) 


66 


67 


66.5 


66 


66 


67 


66 


66 


Tensile strength 
(kgf/cm 2 ) 


176 


147 


170 


174 


172 


174 


175 


176 


300% Modulus 
(kgf/cm 2 ) 


98 


85 


89 


95 


94 


95 


95 


93 | 


Percentage of 
elongation (%) 


460 


500 


490 


450 


480 


490 


480 


470 


Tg(°C) 


-7.9 


-9.4 


-9.7 


-8.4 


-8.2 


-9.1 


-8.2 


-8.0 


Tan 8 at 0 °C 


0.6817 


0.6764 


0.6690 


0.6950 


0.6901 


0.6955 


0.7010 


0.7113 


Tan 8 at 60 °C 


0.0717 


0.0786 


0.0725 


0.0702 


0.0710 


0.0710 


0.0711 


0.0698 


Note) 

A: Experimental Example 
B: Comparative Example 
C: Example 

PS°: Multi-reactive polysiloxane (Mn 1345), Me : methyl group ' 
PS 2) : Multi-reactive polysiloxane (Mn 901) 
PS 3) : Multi-reactive polysiloxane (Mn 1863) 
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Experimental Examples 9 to 16 

The polymer prepared in the above examples and comparative examples were 
used for silica-carbon black compounding to compare the mixing processability, and the 
5 properties and dynamic characteristics after the mixing. Mix proportions of ingredients are . 
presented in Table 5, Measurements of properties and dynamic characteristics are 
presented in Table 6. 



Table 5 



Ingredient 


Content (g) 


Polymer 


100 


Stearic acid 


2.0 


ZnO 


3.0 


Silica #175 


20 


Carbon black (N-330) 


30 


Aromatic oil 


18.0 


Si-69 


1.6 


CZ 


2.0 


DPG 


2.0 


Sulfur 


[ 1.5 


Total 


180.1 


Note) 

* Si-69: Bis-(triethoxysilylpropyl)tetrasulfane 

* DPG: 1,3-diphenyl guanidine 

* CZ: N-cyclohexyl benzothiazyl sulfenamide 



10 Table 6 





A9 


A10 


All 


A12 


A13 


A14 


A15 


A16 


Copolymer 


Bl 


B2 


B3 


CI 


C2 


C3 


C4 


C5 


Coupling agent 


PS" 


SnCL, 


SiCl 4 


PS"/ 
SnCl 4 


PS'V 
SnCl 4 


PS 1 '/ 
SnCl(Me) 3 


PS 2 V 
SnCL, 


PS 3 V 
SnCl 4 


Mole ratio(%) of 
coupling agent 


100 


100 


100 


81.5/ 
18.5 


69.8/ 
30.2 


25.2/ 
74.8 


69.8/ 
30.2 


69.8/ 
30.2 


Mooney viscosity 
(MLi +4(S ).100) 


65 


55 


64 


60 


59 


65 


59 


58 


Hardness (Shore-A) 


64 


63 


64 


64.5 


64 


63.5 


65 


64 


Tensile strength 
(kgf/cm 2 ) 


210 


190 


195 


220 


215 


215 


215 


220 


300% Modulus 
(kgf/cm 2 ) 


98 


93 


95 


100 


96 


102 


98 


99 


Percentage of 
elongation (%) 


510 


500 


505 


520 


510 


510 


520 


530 


Tg (°C) 


-8.5 


-10.2 


-9.5 


-8.2 


-8.4 


-9.4 


-8.5 


-8.6 


Tan 5 at 0 °C 


0.7325 


0.6953 


0.7012 


0.7631 


0.7521 


0.7723 


0.7621 


0.7701 
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Tan 5 at 60 °C 


0.0801 


0.0853 


0.0876 


0.0702 


0.0715 


0.0709 


0.0715 


0.071 
2 


Note) 
A: E 
B: C 
C:E 
PS'> 
PS 2) 
PS 3) 


> 

xperimental Example 
omparative Example 
xample 

Multi-reactive polysiloxane (Mn 1345), Me : methyl group 
Multi -reactive polysiloxane (Mn 901) 
Multi-reactive polysiloxane (Mn 1863) 



As described above, when using the rubber prepared by using a mixed coupling 
agent of the multi-reactive polysiloxane represented by the formula 1 and the tin 
compound represented by the formula 2 as a material for tires, the multi-reactive 
polysiloxane and the tin halide compound used for the coupling agent lead to a remarkable 
increase in the compatibility with reinforcing materials used in the manufacture of tires, 
i.e., silica and carbon black, relative to conventional products, improving of the 
manufacturing processability of tires. Substantially, the use of an inorganic filler 
consisting of carbon black or silica solely, or a silica-carbon black mixed inorganic filler 
enhances the tread wear necessary for tires in the mixing, with a high wet traction and a 
low rolling resistance, and improves properties in the aspect of mixing processability. 
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